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An implicit formula for the spectrum of the two-photon Rabi model was presented by Travenec in 
[J| in analogy to the method of Braak . The spectrum is given by common zeros of four functions 
Gc{z, E) taken with a fixed value of z G C. We point out that all the G/z, E) functions defined by 
Travenec are identically zero, thus the spectrum is not in fact given by their roots. 


The problem at hand is characterised by a 
system of two differential equations 

-\- {2gz^ — E)(j}i -\- -—(j)2 = 0, 

^ ( 1 ) 

2g(/)2 - u}Z(j)2 + {2gz‘^ P E)(j)2 = Q- 

The only singular point of the system is at in¬ 
finity, and it is irregular. This implies that all 
its solutions are given by entire functions 4>i{z) 
and 4>2{z). The problem is to find those energy 
values E = E^ for which the respective solu¬ 
tion {(f)i[z), 02 (-z)) is such that its components 
(z) are elements of Bargmann space E (see 
). This requirement means additionally that 

f (l)i{z)(j)i{z)e~^^^ d5R(z) d5(z) < oo, 

Jc 

for i = 1,2. 

To determine the spectrum four functions 
Gc{z,E) were defined in [I[. The first of them 
G+{z,E) is defined by 

G+{z,E) := (l)2iiz) - (fiiz), (2) 
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where {(j)i{z), 4>2{z)) is the solution of system ([T]) 
satisfying the following initial conditions 

0i(o) = 02(o) = i, 0;(o) = 0'(o) = o. (3) 

From the above conditions and the symmetry 
of system © it follows that both functions 0i 
and 02 are even, so that 

42fc+i)(o) (4) 

for fc = 0,1,.... According to [I|, if A belongs to 
the spectrum then G+{zo, E) = 0 for arbitrarily 
fixed zq £ C. We did not find any justification 
for this claim. In [l| it is only remarked that 
the function G+{z,E) was constructed in full 
analogy to that defined in 0 where the Rabi 
model was investigated. 

We claim that function G+{z,E), as well as 
the remaining three functions Gc{z,E) defined 
in [I|, vanish identically. This is demonstrated 
below. 

Eliminating 02 from system © we find that 
f{z) = 01 (z) satisfies the following fourth order 
equation 

lQg'^f^'^^)pa2{z)f" + ai{z)f' + ao{z)f = 0, (5) 

where 

<Z 2 {z) = —4(u}^ — 8g^)z^ + Wgco, 

ai(z) = Az [16(7^ — w(a; — 2E] , 

ao(z) = 16g^(z‘^ + 2 ) — 16goJZ^ — 4E^ + cjq. 
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The crucial point is that function G+, as well as 
the remaining three functions satisfy the above 
equation. This can be checked directly. This 
claim is true for an arbitrary choice of initial 
conditions (j)i{0), (/>i(0). 

At this point it is important to observe that 
from ([3]) it follows that G+{z,E) satisfies the 
following conditions 

G+{0,E) = G'+{0,E) = G'^{0,E) = 0. (6) 

Moreover, taking initial condition ([3]) and eval¬ 
uating the left hand sides of (HD at z = 0, we 
find that 

m ( 7 ) 

Thus G"(0) = -</)2(0) - <(0) = 0. Hence, 
G+(z, E) = 0 identically because it is a unique 
solution of the linear homogeneous equation ([3|) 
with vanishing initial condition. Using similar 
reasoning we prove that remaining functions Gc 
vanish identically. Another simple way to check 
this fact is by direct computation from the recur¬ 
rence relations (13) in [I|, and checking the se¬ 
ries expansions of Gc around zero. Expansions 


of (j)i up to z" will give all the terms of Gc identi¬ 
cally zero up to z". Hence, taking limit n —?> 00 
we obtain Gc = 0, regardless of the values of E 
and the other parameters. 

Let us remark that in functions Gc were 
introduced for the study of the Rabi system, 
which has two regular singular points and one 
irregular at infinity. In this system if a solution 
is entire then it is automatically an element of 
the Bargmann space. In functions Gc were 
used to glue together two local solutions to ob¬ 
tain a global one which is entire, whereas the 
solutions of (ED are automatically entire. There 
is thus no basis for deriving the spectrum from 
Gc or its expansion. 
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